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Supplementary Methods:
Peltigera species identifications
To avoid potential misidentifications, members of section Peltigera (sensu Miadlikowska and Lutzoni 2000, 1) forming large tomentose thalli (Peltigera canina, P. evansiana, P. praetextata, P. rufescens and P. "neocanina") were considered as P. canina s.l., whereas members of section Horizontales (P. elisabethae, P. horizontalis, and P. neckeri) were considered as P. horizontalis s.l.
Nitrogenases genes presence determination:
The presence of the nif genes for molybdenum nitrogenase was determined by sequencing the nifK (β-subunit of the molybdenum-iron protein, dinitrogenase 1) locus using primers nifK_F and nifK_R (SI Appendix Table S3 ). Presence of the vnf genes for vanadium nitrogenase was verified by sequencing the vnfN (coding for the scaffolding protein of the FeVco) locus using primers vnfN2F and vnfN5R and two loci within vnfDG (coding for the vanadium-iron protein, dinitrogenase 2) using primers vnfDG1F and vnfDG4R and vnfDG4F and vnfDG9R (39, SI Appendix Table S3 ). For samples for which vnfN and vnfDG amplifications were negative, we attempted new amplifications after designing the following new primers targeting specifically vnfN and vnfDG sequences from lichenized Nostoc (Table S3 ).
PCR conditions for vnf and nif primers were: 94 °C for 30 s, 55 °C for 30 s (−0.4°/cycle), 72 °C for 1 min (+2 s/cycle) for 24 cycles; 94 °C for 30 s, 45 °C for 30 s, 72 °C for 2 min (+3 s/cycle) for 12 cycles; 72 °C for 10 min, followed by storage at 4 °C.
NifK, vnfDG, and vnfN sequences were deposited to Genbank under accession numbers MN562797-MN562856. Seven sequences that show clear signs of cross-contamination during the preparation step were not deposited in the database.
Contribution of alternative nitrogenase to acetylene reduction (f alt ara) and to N2 fixation (f alt N2).
Contributions of alternative V-Nase to acetylene reduction assessed with the ISARA method were calculated according to Zhang et al., 2016 (2):
Contributions of V-Nase to acetylene reduction assessed using the ethane method (Dilworth et al., 1987) were calculated using the following equation:
The V-nase contribution to total N2 fixation rate was evaluated using V-nase contributions to AR and conservative values of the conversion factors (RV = 2 and RMo = 4) to convert acetylene reduction rate to N2 reduction rate (3) .
A Rayleigh correction was applied to all 13 εsample according to Hayes 2004 (4) . A maximum of 5% conversion of acetylene to ethylene was found during ARA, and corrections were < 0.4‰.
Isozyme specific 13 ε and ethane production rate for Mo and V were determined in deletion mutants CA 1.70 (Mo-Nase only) and CA 11.70 (V-Nase only) of Azotobacter vinelandi.
Various levels of activity for alternative vanadium nitrogenase were obtained by mixing known volumes of two separates Mo-Nase and V-Nase strain cultures in various proportions ( Figure S1 ).
Carbon isotopic analyses of ethylene and acetylene for ISARA analysis were obtained using a
Thermo Scientific GC Isolink system containing a Trace GC Ultra interfaced to a Thermo Delta V Advantage Isotope Ratio Mass Spectrometer with a Conflo IV as described in Zhang et al. (2016) . Ethane production was measured using a Shimadzu GC-FID A8, as referred in the main text. Conservative values of 13 εMo = 14.6 ± 0.3‰ and 13 εV= 7.9 ± 0.2‰ for ISARA, and
EthaneMo=0.008% and EthaneV=2.3% for the ethane production methods were used in further calculation ( Figure S1 ).
Re-classification of samples according to the threshold of 250 ngMo.glichen -1 :
All samples were re-classified according to the following rules: lichen thalli with Mo content > 250 ngMo.glichen -1 were classified as negative for alternative V-Nase, and lichen thalli with Mo 
Recall
Fraction of actual YES predicted YES 95%
Accuracy
Overall good classification 73%
1 Samples are classified as positive when thallus content is inferior to the 250 ngMo.gthallus -1 threshold value. 2 Samples are considered true positive if at least one of the proxy is positive for alternative V-Nase activity ( 13 εAR <13.2‰ or Ethane ratio >0.1%). .
